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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to com-
munications connectors and, more particularly, to pin
connectors and socket connectors which can be mated
together.

BACKGROUND

[0002] Pin connectors and socket connectors are
known types of communications connectors that may be
used, for example, to detachably connect two communi-
cations cables and/or to connect a communications cable
to a printed circuit board or an electronic device. Pin and
socket connectors are used in a variety of applications
such as, for example, in automobiles and in data centers.
[0003] FIG. 1 is a perspective view of an example of a
conventional pin connector 10. As shown in FIG. 1, the
pin connector 10 includes a housing 20 that has a plug
aperture 22. The plug aperture 22 may be sized and con-
figured to receive a mating socket connector. The pin
connector 10 further includes a conductive pin array 24
that includes eighteen conductive pins 30 that are mount-
ed in the housing 20. Each conductive pin 30 has a first
end 32 that extends into the plug aperture 22 and a sec-
ond end 36 that extends downwardly from a bottom sur-
face of the housing 20. The first end 32 of each conductive
pin 30 may be received within a respective socket of a
mating socket connector that is inserted into the plug
aperture 22, and the second end 36 of each conductive
pin 30 may be inserted into, for example, a printed circuit
board (not shown).
[0004] FIG. 2 is a perspective view of conductive pins
30-1 through 30-8 that are included in the conductive pin
array 24 of pin connector 10 of FIG. 1. Herein, when a
device such as a connector includes multiple of the same
components, these components are referred to individ-
ually by their full reference numerals (e.g., conductive
pin 30-4) and are referred to collectively by the first part
of their reference numeral (e.g., the conductive pins 30).
Only eight of the eighteen conductive pins 30 that are
included in pin connector 10 of FIG. 1 are illustrated in
FIG. 2 in order to simplify the drawing and the explanation
thereof. As shown in FIG. 2, a middle portion 34 of each
conductive pin 30 that connects the first end 32 to the
second end 36 includes a right angled section 38. The
first ends 32 of the conductive pins 30 extend along the
x-direction (see the reference axes in FIG. 2) and are
aligned in two rows. The second ends 36 of the conduc-
tive pins 30 extend along the z-direction and are also
aligned in two rows. It will be appreciated that the remain-
ing ten conductive pins 30 of pin connector 10 that are
not pictured in FIG. 2 are aligned in the same two rows
and that the conductive pins 30 in each row all have the
exact same design and spacing from adjacent conductive
pins 30.

[0005] FIGS. 3 and 4 are perspective views of a par-
tially disassembled socket connector 50 that may be
used in conjunction with the pin connector 10 of FIG. 1.
As shown in FIGS. 3 and 4, the socket connector 50
includes a housing 60 that includes a plurality of pin ap-
ertures 62. The housing 60 defines an open interior 64
that receives a socket contact holder 70. The housing 60
includes a side opening 66 that provides an access open-
ing for inserting the socket contact holder 70 within the
open interior 64. The side opening 66 also provides an
access opening for the conductors of a communications
cable (not shown) to be routed into the open interior 64
for termination within the socket contact holder 70. A lock-
ing member 68 is mounted on an exterior surface of the
housing 60. The socket connector 50 may be received
within the plug aperture 22 of the pin connector 10 so
that each of the conductive pins 30 of the pin connector
is received within a respective pin aperture 62 of housing
60. The locking member 68 may be used to lock the sock-
et connector 50 within the plug aperture 22 of the pin
connector 10.
[0006] FIG. 5 is a perspective view the socket contact
holder 70. FIG. 6 is a perspective view of a socket contact
80. As shown in FIG. 5, the socket contact holder 70
includes a plurality of sockets 76 that extend from a front
face 74 to the rear face 72 of the socket contact holder
70. Each socket 76 is sized to receive a respective one
of the socket contacts 80. Accordingly, a socket contact
array 78 that includes a plurality of socket contacts 80
may be populated into the sockets 76 in socket contact
holder 70. Each socket contact 80 includes a front end
82 and a rear end 84. The front end 82 is configured to
receive and grasp a conductive pin of a mating pin con-
nector (e.g., one of the conductive pins 30 of pin connec-
tor 10) that is received through a respective one of the
pin apertures 62 in housing 60. The front end 82 may
include a spring mechanism (not visible in FIG. 6) that
biases a conductive component of the socket contact 80
against the conductive pin 30 of the mating pin connector
10 that is received therein in order to maintain a good
mechanical and electrical contact between the conduc-
tive pin 30 and the socket contact 80. The rear end 84
of the socket contact 80 may be configured to receive a
conductor of a communications cable (not shown) such
as a copper wire by means of a crimped connection.
Thus, each socket contact 80 may be used to electrically
connect a conductive pin of a pin connector to a conduc-
tor of a communications cable.
[0007] EP0880202 discloses an electrical connector
grouping like conductors together to reduce crosstalk.
[0008] US7503798 discloses a cross connect wiring
system with self-compensating balanced connector ele-
ments. The document discloses a plurality of conductive
pins that are mounted in a housing, the conductive pins
arranged as a plurality of differential pairs of conductive
pins that each include a tip conductive pin and a ring
conductive pin. Each of the conductive pins has substan-
tially the same length, and a tip conductive pin of each
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differential pair of conductive pins crosses over its asso-
ciated ring conductive pin to form a plurality of tip-ring
crossover locations. US2007212946 discloses a RJ45
receptacle connector, comprising:a housing;a plurality of
conductive pins that are mounted in the housing, the con-
ductive pins arranged as a plurality of differential pairs
of conductive pins that each include a tip conductive pin
and a ring conductive pin; wherein each of the conductive
pins has substantially the same length, wherein each
conductive pin has a first end that is configured to engage
a mating connector and a second end that is configured
to be received within a metal-plated opening in a printed
circuit board, wherein the tip conductive pin of each dif-
ferential pair of conductive pins crosses over its associ-
ated ring conductive pin to form a plurality of tip-ring
crossover locations.

SUMMARY

[0009] The present invention is defined in the append-
ed claims. Embodiments of the present invention provide
a communications connector, comprising: a housing; a
plurality of conductive pins that are mounted in the hous-
ing, the conductive pins arranged as a plurality of differ-
ential pairs of conductive pins that each include a tip con-
ductive pin and a ring conductive pin; wherein each of
the conductive pins has substantially the same length,
wherein each conductive pin has a first end that is con-
figured to be received within a respective socket of a
mating connector and a second end that is configured to
be received within a metal-plated opening in a printed
circuit board or is configured as a crimped contact for
mating with a conductive wire, wherein the tip conductive
pin of each differential pair of conductive pins crosses
over its associated ring conductive pin to form a plurality
of tip-ring crossover locations.

BRIEF DESCRIPTION OF THE FIGURES

[0010]

FIG. 1 is a perspective view of a conventional pin
connector.
FIG. 2 is a schematic perspective view illustrating
eight of the conductive pins included in the pin con-
nector of FIG. 1.
FIG. 3 is a front, side perspective view of a conven-
tional socket connector in a partially disassembled
state.
FIG. 4 is a bottom, rear perspective view of the socket
connector of FIG. 3.
FIG. 5 is a perspective view of a socket array that is
included in the socket connector of FIGS. 3-4.
FIG. 6 is a schematic perspective view of one of the
socket contacts that is included in the socket array
of FIG. 5.
FIG. 7 is a graph illustrating the simulated near-end
crosstalk of the pin connector of FIGS. 1-2 in the

forward direction.
FIG. 8 is a perspective view of a pin connector ac-
cording to embodiments of the present invention.
FIG. 9A is a schematic perspective view of eight pins
of a conductive pin array that is included in the pin
connector of FIG. 8.
FIG. 9B is a cross-sectional view taken along the
line 9B-9B of FIG. 9A.
FIG. 9C is a cross-sectional view taken along the
line 9C-9C of FIG. 9A.
FIG. 9D is a top view of the conductive pin array of
FIG. 9A.
FIG. 10 is a graph illustrating the simulated near-end
crosstalk in the forward direction of a pin connector
that includes the conductive pin array illustrated in
FIG. 9A.
FIG. 11 is a graph illustrating the simulated near-end
crosstalk in the reverse direction of a pin connector
that includes the conductive pin array illustrated in
FIG. 9A.
FIG. 12 is a schematic perspective view of a con-
ductive pin array of a pin connector according to fur-
ther embodiments of the present invention.
FIG. 13 is a schematic diagram illustrating a socket
contact array of a socket connector according to em-
bodiments of the present invention.
FIGS. 14A and 14B are schematic diagrams of pin
connectors according to embodiments of the present
invention mated with socket connectors according
to embodiments of the present invention to provide
a mated pin-socket connectors.
FIG. 15 is a partially cut-away perspective view of a
first cable that includes a single twisted pair of insu-
lated conductors and of a second cable that includes
two twisted pairs of insulated conductors.
FIG. 16 is schematic block diagram illustrating an
example end-to-end communications connection in
a vehicle environment.
FIG. 17 is schematic block diagram illustrating how
a plurality of the end-to-end communications con-
nections of FIG. 16 may be grouped together in the
vehicle environment.
FIG. 18 is perspective view of one of the connection
hubs of FIG. 17.
FIG. 19 is schematic exploded perspective view of
the connection hub of FIG. 18.
FIG. 20 is a partially cut-away front view of the con-
nection hub of FIG. 19.
FIG. 21 is schematic perspective view illustrating
how the cables that connect to the connection hubs
of FIGS. 17-20 may be connectorized.
FIG. 22 is a perspective view of the pin arrangement
of a pin connector according to still further embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0011] Pursuant to embodiments of the present inven-
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tion, pin connectors and socket connectors are provided
that can be used as mated pin and socket connectors
that are well balanced and can operate within the per-
formance characteristics set forth in the Category 6A
standard for Ethernet connectors (e.g., the ANSI/TIA-
568-C.2 standard approved August 11, 2009). The pin
and socket connectors according to embodiments of the
present invention may be used to connect a plurality of
conductors of a communications cable to, for example,
a second cable or a printed circuit board. The connectors
may be designed to transmit a plurality of differential sig-
nals. The connector designs according to embodiments
of the present invention may be readily expanded to ac-
commodate any number of differential pairs. Moreover,
the connectors according to embodiments of the present
invention employ self-compensation techniques that may
significantly reduce the amount of differential-to-differen-
tial crosstalk and/or differential-to-common mode cross-
talk that arises within the connectors. The connectors
according to embodiments of the present invention may
be used, for example, as connectors in automobiles.
[0012] As noted above, the communications connec-
tors according to embodiments of the present invention
may use differential signaling techniques. Differential sig-
naling refers to a communications scheme in which an
information signal is transmitted over a pair of conductors
(hereinafter a "differential pair" or simply a "pair") rather
than over a single conductor. The signals transmitted on
each conductor of the differential pair have equal mag-
nitudes, but opposite phases, and the information signal
is embedded as the voltage difference between the sig-
nals carried on the two conductors of the pair. When a
signal is transmitted over a conductor, electrical noise
from external sources may be picked up by the conductor,
degrading the quality of that signal. When the signal is
transmitted over a differential pair of conductors, each
conductor in the differential pair often picks up approxi-
mately the same amount of noise from these external
sources. Because approximately an equal amount of
noise is added to the signals carried by both conductors
of the differential pair, the information signal is typically
not disturbed, as the information signal is extracted by
taking the difference of the signals carried on the two
conductors of the differential pair; thus, the noise signal
is cancelled out by the subtraction process. While differ-
ential signals most typically are centered about zero (i.e.,
the instantaneous voltage on one conductor will be -X
when the instantaneous voltage on the other conductor
of the pair is X), in some embodiments the differential
signals may be centered about a positive or negative
voltage (e.g., if the instantaneous voltage on one con-
ductor will be -X + 2, then the instantaneous voltage on
the other conductor of the pair will be X + 2 such that the
differential signal is centered about a common mode volt-
age of 2 volts).
[0013] The conventional pin and socket connectors
discussed in the Background section above are generally
not used for differential transmission. As such, these con-

ventional pin and socket connectors may exhibit relative-
ly poor performance due to signal degradation from ex-
ternal noise sources. Additionally, the conventional pin
and socket connectors may also be particularly suscep-
tible to another type of noise known as "crosstalk." As is
known to those of skill in this art, "crosstalk" refers to
unwanted signal energy that is induced by capacitive
and/or inductive coupling onto the conductors of a first
"victim" communications channel from a signal that is
transmitted over a second "disturbing" communications
channel that is in close proximity. When a communica-
tions connector includes multiple communications chan-
nels such as the conventional pin and socket connectors
discussed in the Background section above, crosstalk
may arise between the channels within the communica-
tions connector that may limit the data rates that may be
supported on each channel. The induced crosstalk may
include both near-end crosstalk (NEXT), which is the
crosstalk measured at an input location corresponding
to a source at the same location (i.e., crosstalk whose
induced voltage signal travels in an opposite direction to
that of an originating, disturbing signal in a different chan-
nel), and far-end crosstalk (FEXT), which is the crosstalk
measured at the output location corresponding to a
source at the input location (i.e., crosstalk whose signal
travels in the same direction as the disturbing signal in
the different channel). Both types of crosstalk comprise
undesirable noise signals that interfere with the informa-
tion signal on the victim communications channel.
[0014] Even if the conventional pin and socket connec-
tors discussed above are used to transmit differential sig-
nals, they may still exhibit relatively poor performance.
For example, FIG. 7 is a graph illustrating the simulated
near-end crosstalk in the "forward" direction of the pin
connector of FIGS. 1-2 for the eight conductive pins 30-1
through 30-8 illustrated in FIG. 2). For purposes of this
simulation, pins 30-1 and 30-2 were used as a first dif-
ferential pair 41, pins 30-3 and 30-4 were used as a sec-
ond differential pair 42, pins 30-5 and 30-6 were used as
a third differential pair 43, and pins 30-7 and 30-8 were
used as a fourth differential pair 44. Herein a signal is
travelling in the "forward" direction along a conductive
pin 30 when it flows from the first end 32 of the conductive
pin 30 to the second end 36 of the conductive pin 30.
[0015] Because of the unbalanced arrangement of
pins 30-1 through 30-8 (i.e., conductive pin 30-3 of pair
42 is always closer to conductive pin 30-1 of pair 41 than
it is to conductive pin 30-2 of pair 41, and conductive pin
30-4 of pair 42 is always closer to conductive pin 30-2 of
pair 41 than it is to conductive pin 30-1 of pair 41), sig-
nificant crosstalk may arise between adjacent differential
pairs and even between non-adjacent differential pairs
(e.g., pairs 41 and 43). Thus, the pin connector 10 may
exhibit poor crosstalk performance due to differential-to-
differential crosstalk between the pairs. This can be seen,
for example, in the graph of FIG. 7 which illustrates the
near-end crosstalk performance for each of the pair com-
binations in the forward direction. Curve group 90 in FIG.
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7, which is a cluster of three almost identical curves, il-
lustrates the near-end crosstalk performance for directly
adjacent differential pairs (namely the crosstalk induced
on pair 42 when a signal is transmitted over pair 41 and
vice versa, the crosstalk induced on pair 43 when a signal
is transmitted over pair 42 and vice versa, and the cross-
talk induced on pair 44 when a signal is transmitted over
pair 43 and vice versa). As shown by curve group 90 in
FIG. 7, the near end crosstalk on adjacent pairs is at least
12 dB worse than the level of crosstalk allowed under
the TIA and ISO Category 6A standards (which are illus-
trated by curves 98 and 99, respectively, in FIG. 7), and
hence the pin connector 10 will clearly support far lower
data rates than a Category 6A compliant connector.
[0016] Likewise, curve group 91 in FIG. 7, which is a
cluster of two almost identical curves, illustrates the near-
end crosstalk performance for "one-over" pair combina-
tions in the connector 10 (a "one-over" pair combination
refers to a combination of two differential pairs that have
one additional differential pair located therebetween). In
the connector 10, the "one-over" pair combinations are
pairs 41 and 43 and pairs 42 and 44. As shown in FIG.
7, the near-end crosstalk on the one-over pair combina-
tions is about 8 dB worse than the level of crosstalk al-
lowed under the TIA and ISO Category 6A standards.
Finally, curve 92 in FIG. 7 illustrates the near-end cross-
talk performance for "two-over" pair combinations in the
connector 10 (a "two-over" pair refers to a combination
of two differential pairs that have two additional differen-
tial pairs located therebetween). In the connector 10, the
only two-over pair combination is pairs 41 and 44. As
shown in FIG. 7, the near end crosstalk on the two-over
pair combination is still worse than the level of crosstalk
allowed under the TIA and ISO Category 6A standards
for all frequencies below about 450 MHz.
[0017] The pin and socket communications connectors
according to embodiments of the present invention may
provide significant performance improvement as com-
pared to the conventional pin and socket connectors dis-
cussed above. Embodiments of the present invention will
now be described with reference to the accompanying
drawings, in which exemplary embodiments are shown.
[0018] FIG. 8 is a perspective view of a pin connector
100 according to embodiments of the present invention.
As shown in FIG. 8, the pin connector 100 includes a
housing 120 that has a plug aperture 122. The plug ap-
erture 122 may be sized and configured to receive a mat-
ing socket connector. The pin connector 100 includes a
conductive pin array 124 that has eighteen conductive
pins 130. Each of the conductive pins 130 is mounted in
the housing 120. These conductive pins 130 may be ar-
ranged as nine differential pairs of conductive pins 130.
[0019] FIG. 9A is a schematic perspective view of eight
of the conductive pins (namely conductive pins 130-1
through 130-8) that are included in the conductive pin
array 124 of the pin connector 100 of FIG. 8. FIG. 9B is
a cross-sectional view taken along the line 9B-9B of FIG.
9A, and FIG. 9C is a cross-sectional view taken along

the line 9C-9C of FIG. 9A. Finally, FIG. 9D is a top view
of the conductive pins 130 that more clearly shows cross-
overs that are included in each differential pair of con-
ductive pins 130.
[0020] As shown in FIG. 9A, pins 130-1 and 130-2 form
a first differential pair 141, pins 130-3 and 130-4 form a
second differential pair 142, pins 130-5 and 130-6 form
a third differential pair 143, and pins 130-7 and 130-8
form a fourth differential pair 144. As known to those of
skill in the art, the positive conductor of a differential pair
is referred to as the "tip" conductor and the negative con-
ductor of a differential pair is referred to as the "ring"
conductor. In some embodiments, conductive pins
130-1, 130-3, 130-5 and 130-7 may be the tip conductive
pins and conductive pins 130-2, 130-4, 130-6 and 130-8
may be the ring conductive pins of the four differential
pairs 141-144.
[0021] As is further shown in FIGS. 9A-9D, each con-
ductive pin 130 includes a first end 132, a middle portion
134, and a second end 136. The first end 132 of each
conductive pin 130 generally extends along the x-direc-
tion. The second end 136 of each conductive pin 130
generally extends along the z-direction. The middle por-
tion 134 of each conductive pin 130 includes a right an-
gled section 138 that provides the transition from the x-
direction to the z-direction. Additionally, each conductive
pin 130 further includes two jogged sections that are pro-
vided so that the first conductive pin 130 of each differ-
ential pair of conductive pins 130 crosses over the second
conductive pin 130 of the differential pair at a crossover
location 135. The provision of these crossovers may al-
low the pin connectors 100 according to embodiments
of the present invention to achieve substantially improved
electrical performance.
[0022] As shown in FIG. 9A, the two jogged sections
that are provided on each conductive pin 130 comprise
a first transition section 133 and a second transition sec-
tion 137. The first transition section 133 is provided on
each of the conductive pins 130 between the first end
132 thereof and the right-angled section 138. On each
of the tip conductive pins 130-1, 130-3, 130-5, 130-7 the
first transition section 133 causes the conductive pin to
jog in the positive direction along the y-axis. In contrast,
on each of the ring conductive pins 130-2, 130-4, 130-6,
130-8 the first transition section 133 causes the conduc-
tive pin to jog in the opposite (negative) direction along
the y-axis. As a result of the opposed nature of these
transition sections 133 on the tip and ring conductive pins
130 of each differential pair 141-144, the tip and ring con-
ductive pins 130 cross over each other between their first
ends 132 and the right-angled section 138. These cross-
overs may be clearly seen in FIGS. 9A and 9D. Note that
the first transition sections 133 need not form a right angle
with respect to the x-axis. Instead, as shown in FIG. 9A,
the first transition sections 133 merely need to change
the path of the conductive pin at issue from a first coor-
dinate along the y-axis to a second (different) coordinate
along the y-axis in order to effect the crossover.
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[0023] The second transition section 137 that is pro-
vided on each of the conductive pins 130 is located be-
tween the second end 136 and the right-angled section
138. The second transition sections 137 cause jogs in
the same direction on all eight of the conductive pins 130,
namely in the negative direction along the y-axis. While
in the embodiment of FIG. 9A the first transition sections
133 and the second transition sections 137 are imple-
mented by bending each conductive pin 130 by about
45° at the beginning of the transition section and by bend-
ing the conductive pin 130 by about -45° at the end of
the transition section, it will be appreciated that any an-
gles may be used to implement the transition sections
133, 137. For example, in other embodiments, the tran-
sition sections 133, 137 may have angles of 60° and -
60° or angles of 90° and -90°. In yet other embodiments,
the transition sections 137 may be totally eliminated,
since unlike the transition 133, the transition sections 137
do not implement crossovers.
[0024] As shown in FIGS. 9A and 9B, the first ends
132 of the conductive pins 130 are aligned in two rows,
with the first ends of conductive pins 130-2 and 130-3
vertically aligned, the first ends of conductive pins 130-4
and 130-5 vertically aligned, and the first ends of con-
ductive pins 130-6 and 130-7 vertically aligned. As shown
in FIGS. 9A and 9C, the second ends 136 of the conduc-
tive pins 130 are similarly aligned in two rows, with the
second ends of conductive pins 130-1 and 130-4 verti-
cally aligned , the second ends of conductive pins 130-3
and 130-6 vertically aligned, and the second ends of con-
ductive pins 130-5 and 130-8 vertically aligned. It will be
appreciated, however, that the first and second ends 132,
136 of the various conductive pins 130 may not be ver-
tically aligned in this fashion in other embodiments (e.g.,
they may only be generally vertically aligned).
[0025] The pin connectors according to embodiments
of the present invention may exhibit significantly im-
proved electrical performance as compared to the con-
ventional pin connector 10 discussed above. As shown
in FIGS. 9A-9D, because of the staggered contact ar-
rangement at the two ends of the pin connector 100, dif-
ferent "unlike" conductive pins 130 of two adjacent ones
of the differential pairs 141-144 (i.e., a tip conductive pin
from one differential pair and a ring conductive pin from
the adjacent differential pair) are vertically aligned at ei-
ther end of the pin connector 100. By way of example,
on the left-hand side of FIG. 9A, conductive pins 130-2
and 130-3 are vertically aligned, while conductive pins
130-1 and 130-4 are offset to either side of conductive
pins 130-2 and 130-3. In contrast, on the right-hand side
of FIG. 9A conductive pins 130-1 and 130-4 are vertically
aligned, while conductive pins 130-2 and 130-3 are offset
to either side of conductive pins 130-1 and 130-4. By
using this staggered arrangement, and by controlling the
lengths of the conductive pins 130, the distances be-
tween the conductive pins 130, the dielectric constant of
the housing, etc., the pin connectors according to em-
bodiments of the present invention may generate cou-

pling between "unlike" conductive pins that substantially
cancels the crosstalk between the "like" conductive pins
of each set of adjacent differential pairs ("like" conductive
pins refer to two or more of the same type of conductive
pin, such as two tip conductive pins or two ring conductive
pins). Thus, the conductive pin arrangements according
to certain embodiments of the present invention may re-
sult in substantial self cancellation of any "offending"
crosstalk that may otherwise arise at either the front end
region or rear end region of the conductive pins 130.
[0026] Additionally, the same crosstalk compensation
benefits may also be achieved with respect to crosstalk
between non-adjacent pairs such as "one-over" combi-
nations of differential pairs (e.g., pairs 141 and 143 in
FIG. 9A), "two-over" combinations of differential pairs
(e.g., pairs 141 and 144 in FIG. 9A), etc.
[0027] Moreover, the crosstalk compensation arrange-
ment that is implemented in the conductive pin arrange-
ment of FIGS. 9A-9D is "stackable" in that any number
of additional differential pairs of conductive pins 130 can
be added to the first and second rows. For example, while
FIGS. 9A-9D illustrate a conductive pin arrangement in
which eight conductive pins 130 are used to form four
differential pairs, any number of differential pairs may be
provided simply by adding additional conductive pins on
either or both ends of rows.
[0028] FIG. 10 is a graph illustrating the simulated
near-end crosstalk performance in the forward direction
for each of the pair combinations of the conductive pin
array 124 of FIG. 9. In FIG. 10, curve 190 illustrates the
near-end crosstalk performance between pairs 141 and
142, curve 191 illustrates the near-end crosstalk perform-
ance between pairs 141 and 143, curve 192 illustrates
the near-end crosstalk performance between pairs 141
and 144, curve 193 illustrates the near-end crosstalk per-
formance between pairs 142 and 143, curve 194 illus-
trates the near-end crosstalk performance between pairs
142 and 144, curve 195 illustrates the near-end crosstalk
performance between pairs 143 and 144, and curves 198
and 199 illustrate the near-end crosstalk limits under the
TIA and ISO versions of the Category 6A standard, re-
spectively.
[0029] As shown in FIG. 10, the simulated near-end
crosstalk in the forward direction between adjacent dif-
ferential pairs (namely curves 190, 193 and 195) is at
least 5 dB better than the level of crosstalk allowed under
the TIA and ISO Category 6A standards. This represents
about a 17 dB improvement in crosstalk performance as
compared to the crosstalk performance illustrated in FIG.
7 for the conventional pin connector 10. The simulated
near-end crosstalk in the forward direction between "one-
over" differential pair combinations (namely curves 191
and 194) is at least 7 dB better than the level of crosstalk
allowed under the TIA and ISO Category 6A standards.
Finally, the simulated near-end crosstalk in the forward
direction between the two-over differential pair combina-
tion (namely curve 192) is at least 13 dB better than the
level of crosstalk allowed under the TIA and ISO Category
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6A standards. Thus, FIG. 10 illustrates that the pin con-
nector 100 according to embodiments of the present in-
vention may provide significantly enhanced crosstalk
performance as compared to a conventional pin connec-
tor 10.
[0030] FIG. 11 is a graph illustrating the simulated re-
verse near end crosstalk performance for each of the pair
combinations of the pin connector 100 of FIGS. 8-9. In
FIG. 11, curve 190’ illustrates the near-end crosstalk per-
formance between pairs 141 and 142, curve 191’ illus-
trates the near-end crosstalk performance between pairs
141 and 143, curve 192’ illustrates the near-end crosstalk
performance between pairs 141 and 144, curve 193’ il-
lustrates the near-end crosstalk performance between
pairs 142 and 143, curve 194’ illustrates the near-end
crosstalk performance between pairs 142 and 144, curve
195’ illustrates the near-end crosstalk performance be-
tween pairs 143 and 144, and curves 198 and 199 illus-
trates the near-end crosstalk limits under the TIA and
ISO versions of the Category 6A standard, respectively.
As shown in FIG. 11, the simulated near-end crosstalk
in the reverse direction is quite similar to the simulated
cross-talk performance in the forward direction, and all
pair combinations have significant margin with respect
to meeting the TIA and ISO Category 6A standards. Sim-
ulations also indicate that all pair combinations have sig-
nificant margin with respect to meeting the TIA and ISO
Category 6A standards for far-end crosstalk perform-
ance, although the results of these simulations are not
provided herein for purposes of brevity.
[0031] Another potential advantage of the conductive
pin arrangement of FIG. 9A is that the structure may also
be self-compensating for differential-to-common mode
crosstalk. In particular, differential-to-common mode
crosstalk refers to crosstalk that arises where the two
conductors of a differential pair, when excited differen-
tially, couple unequal amounts of energy on both con-
ductors of another differential pair when the two conduc-
tors of the victim differential pair are viewed as being the
equivalent of a single conductor. However, because the
conductive pins 130 of each of the differential pairs
141-144 include a crossover, the conductive pin arrange-
ment employed in pin connector 100 also self-compen-
sates for differential-to-common mode crosstalk. This
can be seen, for example, by analyzing pairs 141 and
142. When the conductive pins 130-1 and 130-2 of pair
141 are excited differentially (i.e., carry a differential sig-
nal), in the front end of the conductive pin array 124,
conductive pin 130-2 will induce a higher amount of
crosstalk onto pair 142 (i.e., onto conductive pins 130-3
and 130-4 viewed as a single conductor) than will con-
ductive pin 130-1, thereby generating an offending dif-
ferential-to-common mode crosstalk signal. However, at
the rear end of the conductive pin array, conductive pin
130-1 will induce a higher amount of crosstalk onto pair
142 (i.e., onto conductive pins 130-3 and 130-4 viewed
as a single conductor) than will conductive pin 130-2 due
to the crossover of the conductive pins of pair 141, there-

by generating a compensating differential-to-common
mode crosstalk signal that may cancel much of the of-
fending differential-to-common mode crosstalk signal.
This same effect will occur on all of the other pair com-
binations.
[0032] Additionally, balancing the tip and ring conduc-
tors of a differential pair may be important for other elec-
trical performance parameters such as minimizing emis-
sions of and susceptibility to electromagnetic interfer-
ence (EMI). In pin connector 100, each differential pair
may be well-balanced as the tip and ring conductive pins
may be generally of equal lengths. In contrast, the tip
conductive pins in the pin connector 10 of FIGS. 1-2 are
clearly longer than the ring conductive pins, which may
negatively impact their EMI performance.
[0033] FIG. 12 is a perspective view of a conductive
pin array 124’ of a pin connector according to further
embodiments of the present invention. As shown in FIG.
12, the conductive pin array 124’ includes eight conduc-
tive pins 132-1 through 132-8 that are arranged as four
differential pairs of conductive pins 141’-144’. The con-
ductive pin array 124’ is quite similar to the conductive
pin array 124 of pin connector 100 that is illustrated in
FIGS. 9A-9D, except that the conductive pins 132-1
through 132-8 in the embodiment of FIG. 12 do not in-
clude the right angle bend 138. Pin connectors that use
the conductive pin array 124’ of FIG. 12 may be more
suitable for use in an inline connector that connects two
communications cables, while pin connectors that use
the conductive pin array 124 of FIGS. 9A-9D may be
more suitable for connecting a communications cable to,
for example, a printed circuit board.
[0034] It will likewise be appreciated that the concepts
discussed above with respect to pin connectors may also
be applied to socket connectors to improve the electrical
performance of such connectors. By way of example, the
aforementioned FIG. 6 is an enlarged perspective view
of a conventional socket contact 80. Pursuant to embod-
iments of the present invention, socket connectors may
be provided which include socket contacts similar to the
socket contact 80 illustrated in FIG. 6, except that each
socket contact included in the socket connector is bent
to, for example, have the same general shape as the
conductive pins in the conductive pin array 124 of pin
connector 100. FIG. 13 schematically illustrates such a
socket connector 150 according to embodiments of the
present invention. The socket connector 150 includes a
socket contact array 178 that includes eight socket con-
tacts 180-1 through 180-8. In order to simplify the draw-
ing, each socket contact 180 in the socket contact array
178 is illustrated as a metal wire, and the housing 160 of
the connector is indicated by a simple box. By controlling
various parameters including the spacing between the
socket contacts 180, the lengths of the front ends and
rear ends of the socket contacts 180, the amount of facing
surface area between adjacent socket contacts 180 in
the socket contact array 178, etc., the socket contact
array 178 of FIG. 13 may be designed to substantially
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cancel both differential-to-differential and differential-to-
common mode crosstalk. While the socket contact array
178 of FIG. 13 includes a right angle 188 in each socket
contact 180, it will be appreciated that in other embodi-
ments the socket contact array 178 may instead omit the
right angles so as to correspond to the conductive pin
array design of FIG. 12.
[0035] In some embodiments, the socket connector
150 of FIG. 13 may be implemented so that the first ends
182 of each socket contact 180 may comprise a pin re-
ceiving cavity that may have the form of the first end 82
of the socket contact 80 depicted in FIG. 6 above. The
second ends 186 of each socket contact 180 may com-
prise a pin that is suitable for mounting in a metal-plated
aperture in a printed circuit board. Such embodiments
may be particularly well-suited for providing a printed cir-
cuit board mounted socket connector. However, it will be
appreciated that numerous other embodiments are pos-
sible. For example, in other embodiments, both the first
ends 182 and the second ends 186 of each socket con-
tact 180 may comprise a pin receiving cavity that may
have the form of the first end 82 of the socket contact 80
depicted in FIG. 6 above so that each socket contact 180
comprises a double-sided socket contact. In still other
embodiments, the first end 182 of each socket contact
180 may comprise a pin receiving cavity while the second
end 86 of each socket contact 180 may comprise a wire-
crimp contact similar to the second end 84 of the socket
contact 80 depicted in FIG. 6 above. Still other embodi-
ments may be provided by reversing the first ends 182
and the second ends 186 of each socket contact 180 in
the above-described embodiment (e.g., the first embod-
iment described above could be modified so that the sec-
ond ends 186 of each socket contact 180 comprise a pin
receiving cavity and the first ends 182 of each socket
contact 180 comprise a pin that is suitable for mounting
in a metal-plated aperture in a printed circuit board). It
will likewise be appreciated that the socket contacts 180
need not all have the same configuration (e.g., some
socket contacts 180 could have a first end 182 that is
implemented as a pin receiving cavity while other of the
socket contacts 180 could have a first end 182 that is
implemented as a pin that is suitable for mounting in a
metal-plated aperture in a printed circuit board).
[0036] The socket contacts and pin contacts according
to embodiments of the present invention may be mated
together to provide mated pin and socket connectors. As
discussed above, by designing both the pin connector
and the socket connector to employ crosstalk compen-
sation, it is possible to provide mated pin and socket con-
nectors that may support very high data rates such as
the data rates supported by the Ethernet Category 6A
standards. However, it will also be appreciated in light of
the present disclosure that another way of achieving such
performance is to provide a pin and socket connector
which when mated together act as one integrated phys-
ical structure that enables a low crosstalk mated pin and
socket connector.

[0037] In particular, in the above-described embodi-
ments of the present invention, the conductive pin array
of the pin connector includes both staggers and crosso-
vers as crosstalk reduction techniques so that the amount
of uncompensated crosstalk that is generated in these
pin connectors may be very low. Likewise, the socket
contact array of the socket connectors include both stag-
gers and crossovers as crosstalk reduction techniques
so that the amount of uncompensated crosstalk that is
generated in these socket connectors may also be very
low. Thus, in the mated pin and socket connectors that
are formed using the above-described pin and socket
connectors, each conductive path through the mated
connectors includes multiple staggers and crossovers.
[0038] Pursuant to further embodiments of the present
invention, the combination of a pin connector that is mat-
ed with a socket connector may be viewed as a single
connector that employs the crosstalk compensation tech-
niques according to embodiments of the present inven-
tion. Two such mated pin and socket connectors are
schematically illustrated in FIGS. 14A and 14B.
[0039] In particular, FIG. 14A schematically illustrates
a mated pin and socket connector 200 that includes a
pin connector 210 and a socket connector 250. As shown
in FIG. 14A, the pin connector 210 may include a con-
ductive pin array 224 that includes a plurality of straight
conductive pins 230. The socket connector 250 may in-
clude a socket contact array 278 that includes a plurality
of socket contacts 280. As shown in FIG. 14A, each sock-
et contact 280 may be bent to have a right angle bend
and may also be bent so that it crosses over or under the
another socket contact 280. Consequently, the combi-
nation of each tip conductive pin 230 and its mating tip
socket contact 280 may be designed to have the same
shape as the tip conductive pins 130-1, 130-3, 130-5,
130-7 of FIGS. 9A-9D, and the combination of each ring
conductive pin 230 and its mating socket contact 280
may be designed to have the same shape as the ring
conductive pins 130-2, 130-4, 130-6, 130-8 of FIGS. 9A-
9D. The shape, size and relative locations of the conduc-
tive pins 230 and the socket contacts 280 may be adjust-
ed so that while the differential-to-differential crosstalk at
the pin or socket end of the connector self cancels due
to their staggered arrangement at either end, the differ-
ential-to-common mode pair-to-pair crosstalk that is gen-
erated on one side of the crossovers is substantially can-
celled by opposite polarity differential-to-common mode
pair-to-pair crosstalk that is generated on the opposite
side of the crossovers. Note that when the pin connector
210 is mated with the socket connector 250 a mating
region 290 is formed where the conductive pins 230 of
the pin connector 210 are received within their respective
socket contacts 280 of the socket connector 250. It will
be appreciated that each conductive pin 230 may com-
prise a conductive pin on one end (namely the end that
is received within a socket contact 280) while the other
end of each conductive pin 230 may have any suitable
contact structure such as a wire-crimp connection, a con-
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ductive pin, etc. It will similarly be appreciated that each
socket contact 280 may comprise a pin receiving cavity
on one end (namely the end that receives the conductive
pin 230) while the other end of each socket contact 280
may have any suitable contact structure such as a wire-
crimp connection, a conductive pin, etc.
[0040] As shown in FIG. 14B, in another example em-
bodiment, a mated pin and socket connector 300 that
includes a pin connector 310 and a socket connector 350
is provided. The pin connector 310 may include a con-
ductive pin array 324 that includes a plurality of conduc-
tive pins 330. Each of the conductive pins 330 may have
the general design of the conductive pins 130 of pin con-
nector 100. The socket connector 350 may include a
socket contact array 378 that includes a plurality of socket
contacts 380 that may have the design of socket contact
80 of FIG. 6. The combination of each tip conductive pin
330 and its mating tip socket contact 380 may be de-
signed to have the same shape as the tip conductive pins
130-1, 130-3, 130-5, 130-7 of FIGS. 9A-9C, and the com-
bination of each ring conductive pin 330 and its mating
socket contact 380 may be designed to have the same
shape as the ring conductive pins 130-2, 130-4, 130-6,
130-8 of FIGS. 9A-9C. The shape, size and relative lo-
cations of the conductive pins 330 and the socket con-
tacts 380 may be adjusted so that while the differential-
to-differential crosstalk at the pin or socket end of the
connector self cancels due to their staggered arrange-
ment at either end, the differential-to-common mode pair-
to-pair crosstalk that is generated on one side of the
crossovers is substantially cancelled by the opposite po-
larity differential-to-common mode pair-to-pair crosstalk
that is generated on the opposite side of the crossovers.
Note that when the pin connector 310 is mated with the
socket connector 350 a mating region 390 is formed
where the conductive pins 330 of the pin connector 310
are received within their respective socket contacts 380
of the socket connector 350.
[0041] FIG. 22 is a schematic bottom perspective view
of the conductive pins 530-1 through 530-8 that form the
conductive pin array 524 of a pin connector according to
further embodiments of the present invention. The con-
ductive pin array 524 may be used, for example, in the
connector 100 of FIG. 8. To implement the connector 100
of FIG. 8 using the conductive pin array 524, the conduc-
tive pin array 524 could be expanded to include 18 pins
or, alternatively, the connector 100 could be designed to
only include a total of eight pins 530. It will also be ap-
preciated that the connector 100 could be designed to
include any even number of pins 530.
[0042] As shown in FIG. 22, pins 530-1 and 530-2 form
a first differential pair 541, pins 530-3 and 530-4 form a
second differential pair 542, pins 530-5 and 530-6 form
a third differential pair 543, and pins 530-7 and 530-8
form a fourth differential pair 544. In the depicted embod-
iment, conductive pins 530-1, 530-3, 530-5 and 530-7
may be the tip conductive pins and conductive pins 530-2,
530-4, 530-6 and 530-8 may be the ring conductive pins

of the four differential pairs 541-544.
[0043] As is further shown in FIG. 22, each conductive
pin 530 includes a first end portion 532, a middle portion
534, and a second end portion 536. The first end portion
532 of each conductive pin 530 generally extends along
the x-direction. The second end portion 536 of each con-
ductive pin 530 generally extends along the z-axis. The
middle portion 534 of each conductive pin 530 comprises
a right angled section that provides the transition from
the x-direction to the z-direction. Additionally, the second
end portion 536 of each conductive pin 530 further in-
cludes two jogged sections that are provided so that the
tip conductive pin of each differential pair of conductive
pins 541-544 crosses over the ring conductive pin of the
differential pair of conductive pins 541-544 at a crossover
location 535. Note that any appropriate jogged sections
may be used that implement the crossovers of the tip and
ring conductive pins of each differential pair 541-544.
[0044] As shown in FIG. 22, the first ends 532 of the
conductive pins 530 are aligned in two rows and the sec-
ond ends 536 are similarly aligned in two rows. The stag-
gered arrangement of the conductive pins as well as the
crossovers implemented in each differential pair 541-544
may be designed to reduce or minimize crosstalk be-
tween adjacent differential pairs 541-544. The same
crosstalk compensation benefits may also be achieved
with respect to crosstalk between non-adjacent pairs
such as "one-over" combinations of differential pairs,
"two-over" combinations of differential pairs, etc. More-
over, the crosstalk compensation arrangement that is im-
plemented in the conductive pin arrangement of FIG. 22
is "stackable" in that any number of additional differential
pairs of conductive pins 530 can be added to the first and
second rows.
[0045] It will be appreciated that numerous modifica-
tions may be made to the example pin and socket con-
nectors pictured in the drawings without departing from
the scope of the present invention. As one example, the
pin connectors discussed above have a plug aperture
(and hence are "jacks") while the socket connectors are
received within the plug aperture (and hence are "plugs").
In other embodiments, the socket connectors may have
a plug aperture that the pin connectors are received with-
in such that the socket connectors are jacks and the pin
connectors are plugs. Moreover, as discussed above
with respect to some of the embodiments, each contact
structure of the connectors according to embodiments of
the present invention may be implemented as any suit-
able combination of the contact structures described
herein (e.g., both ends of a particular contact structure
may comprise conductive pins, one end may comprise
a conductive pin and the other end may comprise a wire-
termination contact such as a crimped connection, one
end may comprise a conductive pin and the other end
may comprise a pin receiving cavity, both ends may com-
prise pin-receiving cavities, etc.).
[0046] As another example, the pin and socket con-
nectors discussed above either have straight conductive
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pins/socket contacts or conductive pins/socket contacts
that include a 90° angle. It will be appreciated that in other
embodiments any appropriate angle, curve, series of an-
gles or the like may be included in either the conductive
pins or the socket contacts. It will similarly be appreciated
that the pin and socket connectors may include any
number of conductive pins/sockets, and that the
pins/sockets may be aligned in more than two rows in
other embodiments.
[0047] Pursuant to some examples, cable systems for
high-speed automotive local area networks are provided
that use twisted pair cabling.
[0048] Modern vehicles include a plethora of commu-
nication devices, such as Global Positioning Systems
(GPS); vehicle location transponders to indicate the po-
sition of the vehicle to a remote station; personal and
virtual assistance services for vehicle operators (e.g., the
ON STAR® service); a WiFi Internet connection area
within the vehicle; one or more rear passenger DVD play-
ers and/or gaming systems; backup and side view cam-
eras; blue tooth connections for cell phone connections
and portable music players (e.g., an IPOD® device); and
proximity sensors and braking, acceleration and steering
controllers for backing up, parallel parking, accident
avoidance and self-driving vehicles. Such communica-
tion devices are often hardwired to one or more head unit
devices, which include microprocessors, memory and
media readers to facilitate system updates and repro-
gramming for advanced features.
[0049] Because of the number of, and technically ad-
vanced features of, the communication devices, the var-
ious hardwired connections between the communica-
tions devices and the one or more head units need to
accommodate high-speed data signals. Therefore, there
exists a need in the art for a cabling system for estab-
lishing a high-speed local area network ("LAN") in a ve-
hicle environment.
[0050] Thus, pursuant to some examples, cabling sys-
tems for establishing a high-speed local area network in
a vehicle environment are provided. These cabling sys-
tems allow for several coupling points between extended
lengths of the cables, while still maintaining the high
speed performance of the cabling system. The cabling
system may withstand the rigors of a rugged environ-
ment. For example, vehicles are typically subjected to
vibration, acceleration, and jerk, as well as, rapid tem-
perature and humidity changes.
[0051] The high-speed connectorized cables that can
be used some example systems have various similarities
to the cable illustrated in the U.S. Patent No. 7,999,184
("the ’184 patent"). While the cable illustrated in FIGS. 3,
4, 9 and 10 of the ’184 patent includes four twisted pairs
of insulated conductors, more or fewer twisted pairs could
be used in the connectorized cables described herein.
For example, FIG. 15 illustrates a first cable 400 that
includes a single twisted pair 402 and a second cable
410 that includes first and second twisted pairs 412, 414
that are be divided by a separator 416.

[0052] As noted above, in the vehicle environment,
high speed cable such as the cables 400, 410 shown in
FIG. 15, may need to be terminated and coupled to a
further length of high speed cable multiple times within
the vehicle. For example, as shown in FIG. 16, a con-
nection hub 420-1 could be located proximate the rear
of the vehicle (e.g., behind a rear seat or between a truck
compartment and a passenger compartment). A second
connection hub 420-2 could be located in a mid-section
of a vehicle (e.g., in a roof liner and/or proximate an over-
head entertainment center), and a third connection hub
420-3 could be located toward a front of the vehicle (e.g.,
beneath a dash and/or at a firewall of the engine com-
partment). In the vehicle environment, it is envisioned
that the typical length of the cabling system from end to
end would be about 15 meters or less for a passenger
vehicle (e.g., car, truck or van) and about 40 meters or
less for a commercial sized vehicle (e.g., bus, RV, tractor
trailer).
[0053] The system preferably delivers high speed da-
ta, with an acceptably low data error rate, from the first
end of the vehicle’s cabling system, through the multiple
connection hubs 420 to the second end of the vehicle’s
cabling system. Although FIG. 16 illustrates three con-
nection hubs 420, it is envisioned that up to four or five
connection hubs 420 could be present, and as little as
one or two connection hubs 420 could be present.
[0054] As is further shown in FIG. 16, the cable system
includes a first cable 410-1, with a length of about two
meters, and that includes two twisted pairs 412, 414,
which enters connection hub 420-1 gets connected there
to a second cable 410-2, with a length of about two me-
ters, which also includes two twisted pairs 412, 414. The
second cable 410-2 passes to connection hub 420-2
where it is connected there to a third cable 410-3, with a
length of about two meters, which likewise includes two
twisted pairs 412, 414. The third cable passes to con-
nection hub 420-3 where it is connected to a fourth cable
410-4, with a length of about 2 meters, which also in-
cludes two twisted pairs 412, 414. In practice, multiple
cables would often be routed between the various con-
nection hubs 420 as shown in FIG. 17, which graphically
illustrates seven single-twisted pair cables 400 being
routed together through the vehicle. As shown in FIG.
17, a plurality of connection hubs 420-1, 420-2, 420-3
may be provided at each connection point or, alternative-
ly (as shown in FIG. 18), the connection hubs 420-1,
420-2, 420-3 may be replaced with larger connection
hubs 420’ that include connection points for multiple ca-
bles.
[0055] FIG. 18 shows the details of the connection at
the middle connection hubs 420’, which may be the same
or similar to the connection details at the other connection
hubs. In some examples, the connection hubs 420’ may
be constructed similarly to the terminal blocks described
in the U.S. Patent Nos. 7,223,115; 7,322,847; 7,503,798
and 7,559,789. Of course, the terminal blocks of the
above-referenced patents can be modified, e.g., short-
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ened if fewer twisted wire pairs are to be employed in the
vehicle’s cabling system.
[0056] As best described in the above-referenced pat-
ents, the terminal blocks include insulation displacement
contacts (IDCs) that cross over within the plastic housing
of the terminal blocks. The cross over points, within the
terminal block, help to reduce the introduction of crosstalk
to the signals, as the signals traverse through the terminal
block.
[0057] In the vehicle environment, the external electro-
magnetic interference (EMI) is particularly problematic
due to the electrical system of the engine, which might
include spark plugs, distributors, alternators, rectifiers,
etc., which may be prone to producing high levels of EMI.
The terminal block performs well to reduce the influence
of EMI on the signals passing through the terminal blocks
at the connection hubs 420.
[0058] As shown in FIG. 19, in a vehicle, the connection
hubs 420 could be ruggedized. For example, the terminal
block 422 of the connection hub 420 could be secured
to a plastic base 424 and a cover 426 could be placed
over the terminal block 422 and secured/sealed to the
base 424. The cables 400, 410 could enter and exit the
connection hub 420 via grommets 428, such that the ter-
minal block 422 is substantially sealed from moisture,
dust and debris in the vehicle environment. In one exam-
ple, the cover 426 could be transparent to allow inspec-
tion of the wire connections within the terminal block 422
without removing the cover 426.
[0059] FIG. 20 is a partially cut away front view of the
connection hub 420 of FIG. 19. As shown in FIG. 20,
stabilizers 432 may be extend downwardly from the top
of the cover 426. The stabilizers 432 extend toward the
IDCs 430 of the terminal block 422, enter into the IDC
channels, and may apply pressure to the wires of the
twisted pairs of cables 400, 410 (not shown in FIG. 20)
that are seated in the IDCs 430. In the vehicle environ-
ment, vibration might act to loosen the wires in the IDCs
430 and allow the wires to work free and break electrical
contact with the IDCs 430. The stabilizers 432 could en-
gage the wires and hold the wires in good electrical con-
tact within the IDCs 430, or act as lids or stops to prevent
the wires from leaving the IDCs 430. Thus, the stabilizers
432 may improve the vibration performance of the con-
nection hub 420 and make it more rugged for the vehicle
environment.
[0060] As shown in FIG. 21, in yet a further example,
the cable 410 that supplies the twisted pair wires 412,
414 to the IDCs 430 of the terminal block 422 may be
terminated to a connector 440. The connector 440 may
be snap locked onto the top of the terminal block 422,
while electrical contacts within the connector 440 may
electrically engage the IDCs 430 of the terminal block
422. By this arrangement, the wires of the twisted pair of
the cable 410 are electrically connected to the IDCs 430
and the IDCs 430 transmit the signals of the twisted pairs
412, 414 to the twisted pairs of a second cable (not
shown) that is electrically connected to the bottoms of

the IDCs 430 in accordance with U.S. Patent Nos.
7,223,115; 7,322,847; 7,503,798 and 7,559,789.
[0061] While the present invention has been described
above primarily with reference to the accompanying
drawings, it will be appreciated that the invention is not
limited to the illustrated embodiments; rather, these em-
bodiments are intended to fully and completely disclose
the invention to those skilled in this art. In the drawings,
like numbers refer to like elements throughout. Thick-
nesses and dimensions of some components may be
exaggerated for clarity.
[0062] Spatially relative terms, such as "under", "be-
low", "lower", "over", "upper", "top", "bottom" and the like,
may be used herein for ease of description to describe
one element or feature’s relationship to another ele-
ment(s) or feature(s) as illustrated in the figures. It will
be understood that the spatially relative terms are intend-
ed to encompass different orientations of the device in
use or operation in addition to the orientation depicted in
the figures. For example, if the device in the figures is
turned over, elements described as "under" or "beneath"
other elements or features would then be oriented "over"
the other elements or features. Thus, the exemplary term
"under" can encompass both an orientation of over and
under. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
[0063] The invention is defined by the following claims.

Claims

1. A communications connector (100), comprising:

a housing (120);
a plurality of conductive pins (130) that are
mounted in the housing, the conductive pins
(130) arranged as a plurality of differential pairs
(141-144) of conductive pins (130) that each in-
clude a tip conductive pin (130-1, 130-3, 130-5,
130-7) and a ring conductive pin (130-2, 130-4,
130-6, 130-8);
wherein each of the conductive pins (130) has
substantially the same length,
wherein each conductive pin (130) has a first
end (132) that is configured to be received within
a respective socket of a mating connector, and
a second end (136) that is configured to be re-
ceived within a metal-plated opening in a printed
circuit board or is configured as a crimped con-
tact for mating with a conductive wire,
wherein the tip conductive pin (130-1, 130-3,
130-5, 130-7) of each differential pair of conduc-
tive pins crosses over its associated ring con-
ductive pin (130-2, 130-4, 130-6, 130-8) to form
a plurality of tip-ring crossover locations;
wherein each conductive pin (130) comprises a
substantially rigid conductive pin, and wherein
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first ends of the tip conductive pins (130-1,
130-3, 130-5, 130-7) are substantially aligned in
a first row that extends along a first axis and the
first ends of the ring conductive pins (130-2,
130-4, 130-6,130-8) are substantially aligned in
a second row that extends along the first axis,
the second row being offset from the first row
along a second axis that is normal to the first
axis.

2. The communications connector (100) of Claim 1,
wherein the first ends of at least some of the tip con-
ductive pins (130-1, 130-3, 130-5, 130-7) are sub-
stantially aligned along the second axis with the first
ends of respective ones of the ring conductive pins
(130-2, 130-4, 130-6, 130-8).

3. The communications connector (100) of Claim 1,
wherein the first end of each of the conductive pins
(130) extends along a third axis normal to both the
first and second axes and the second end of each
of the conductive pins (130) extends along the sec-
ond axis.

4. The communications connector (100) of Claim 1, in
combination with the mating connector, wherein the
housing (120) includes a plug aperture that is con-
figured to receive the mating connector, and wherein
the mating connector includes a plurality of sockets.

5. The communications connector (100) of Claim 1,
wherein the first end of a ring conductive pin (130-2,
130-4, 130-6, 130-8) of a first of the differential pairs
of conductive pins (130) is generally aligned along
the second axis with the first end of a tip conductive
pin (130-1, 130-3, 130-5, 130-7) of a second of the
differential pairs of conductive pins (130), and where-
in the second end of a ring conductive pin (130-2,
130-4, 130-6, 130-8) of the second of the differential
pairs of conductive pins (130) is generally aligned
along the second axis with the second end of a tip
conductive pin (130-1, 130-3, 130-5, 130-7) of the
first of the differential pairs of conductive pins (130).

6. The communications connector (100) of Claim 1,
wherein each of the tip conductive pins (130-1,
130-3, 130-5, 130-7) includes a middle section (134)
and first and second end sections (132, 136), where-
in the first and second end sections (132, 136) of the
tip conductive pins (130-1, 130-3, 130-5, 130-7) are
offset relative to the middle section (134) along the
first axis.

7. The communications connector of Claim 6, wherein
for at least some of the tip conductive pins (130-1,
130-3, 130-5, 130-7), the direction of offset for both
the first and second end sections is toward an adja-
cent tip conductive pin.

8. The communications connector of Claim 6, wherein
the ring conductive pins (130-2, 130-4, 130-6, 130-8)
of each differential pair of conductive pins (130) in-
cludes a middle section (134) and first and second
end sections (132, 136), wherein the first and second
end sections (132, 136) of the ring conductive pins
(130-2, 130-4, 130-6, 130-8) are offset relative to the
middle section (134) along the first axis.

9. The communications connector of Claim 8, wherein
the offsets of the first and second end sections of
the tip conductive pins (130-1, 130-3, 130-5, 130-7)
and the second end sections of the ring conductive
pins (130-2, 130-4, 130-6, 130-8) extend along the
first axis in a first direction while the offset of the first
end sections of the ring conductive pins (130-2,
130-4, 130-6, 130-8) extend along the first axis in a
second direction that is opposite to the first direction.

10. The communications connector (100) of Claim 1,
wherein a first conductive pin (130) and a second
conductive pin (130) of a first of the differential pairs
of conductive pins and a first conductive pin (130)
and a second conductive pin (130) of a second of
the differential pairs of conductive pins each has a
middle section (134), and wherein the first and sec-
ond end (132, 136) of each of the first and second
conductive pins of the first of the differential pairs of
conductive pins and the first and second end of each
of the first and second conductive pins of the second
of the differential pairs of conductive pins are stag-
gered with respect to the middle section (134) of the
respective conductive pin (130) so that the first end
(132) of the second conductive pin (130) of the first
of the differential pairs of conductive pins (130) is
substantially aligned with the first end of the first con-
ductive pin (130) of the second of the differential pairs
and the second end of the first conductive pin (130)
of the first of the differential pairs of conductive pins
is substantially aligned with the second end of the
second conductive pin (130) of the second of the
differential pairs.

11. The communications connector (100) of Claim 1,
wherein a first conductive pin (130) of each differen-
tial pair of conductive pins (130) includes a middle
section (134), wherein the first and second ends of
the first conductive pin (130) are offset relative to the
middle section (134) along a first axis, and a second
conductive pin (130) of each differential pair of con-
ductive pins includes a middle section (134), wherein
the first and second ends (132, 136) of the second
conductive pin (130) are offset relative to the middle
section (134) along the first axis.

12. The communications connector (100) of Claim 1,
wherein second ends of the tip conductive pins
(130-1, 130-3, 130-5, 130-7) are substantially
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aligned in a third row and the second ends of the ring
conductive pins (130-2, 130-4, 130-6, 130-8) are
substantially aligned in a fourth row, the fourth row
being offset from the third row.

Patentansprüche

1. Kommunikationsverbinder (100), der Folgendes
umfasst:

ein Gehäuse (120);
eine Vielzahl von leitfähigen Stiften (130), die in
dem Gehäuse angebracht sind, wobei die leit-
fähigen Stifte (130) als Vielzahl von differenzi-
ellen Paaren (141-144) von leitfähigen Stiften
angeordnet sind (130), die jeweils einen leitfä-
higen Spitzenstift (130-1, 130-3, 130-5, 130-7)
und einen leitfähigen Ringstift (130-2, 130-4,
130-6, 130-8) beinhalten;
wobei jeder der leitfähigen Stifte (130) im We-
sentlichen die gleiche Länge aufweist,
wobei jeder leitfähige Stift (130) ein erstes Ende
(132), das konfiguriert ist, um innerhalb einer
jeweiligen Buchse eines Paarungsverbinders
aufgenommen zu werden, und ein zweites Ende
(136), das konfiguriert ist, um innerhalb einer
metallisierten Öffnung in einer gedruckten
Schaltkarte aufgenommen zu werden, oder als
gecrimpter Kontakt zum Paaren mit einem leit-
fähigen Draht konfiguriert ist, aufweist,
wobei der leitfähige Spitzenstift (130-1, 130-3,
130-5, 130-7) von jedem differenziellen Paar
von leitfähigen Stiften seinen assoziierten leit-
fähigen Ringstift (130-2, 130-4, 130-6, 130-8)
überkreuzt, um eine Vielzahl von Spitzen-Ring-
Überkreuzungsstellen zu bilden;
wobei jeder leitfähige Stift (130) einen im We-
sentlichen starren leitfähigen Stift umfasst und
wobei erste Enden der leitfähigen Spitzenstifte
(130-1, 130-3, 130-5, 130-7) im Wesentlichen
in einer ersten Reihe ausgerichtet sind, die sich
entlang einer ersten Achse erstreckt, und die
ersten Enden der leitfähigen Ringstifte (130-2,
130-4, 130-6,130-8) im Wesentlichen in einer
zweiten Reihe ausgerichtet sind, die sich ent-
lang der ersten Achse erstreckt, wobei die zwei-
te Reihe von der ersten Reihe entlang einer
zweiten Achse versetzt ist, die zu der ersten
Achse normal ist.

2. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei die ersten Enden von mindestens einigen
der leitfähigen Spitzenstifte (130-1, 130-3, 130-5,
130-7) im Wesentlichen entlang der zweiten Achse
auf die ersten Enden von jeweiligen der leitfähigen
Ringstifte (130-2, 130-4, 130-6, 130-8) ausgerichtet
sind.

3. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei sich das erste Ende von jedem der leitfähi-
gen Stifte (130) entlang einer dritten Achse erstreckt,
die sowohl zu der ersten als auch zu der zweiten
Achse normal ist, und sich das zweite Ende von je-
dem der leitfähigen Stifte (130) entlang der zweiten
Achse erstreckt.

4. Kommunikationsverbinder (100) gemäß Anspruch
1, in Kombination mit dem Paarungsverbinder, wo-
bei das Gehäuse (120) einen Steckerausschnitt be-
inhaltet, der konfiguriert ist, um den Paarungsver-
binder aufzunehmen, und wobei der Paarungsver-
binder eine Vielzahl von Buchsen beinhaltet.

5. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei das erste Ende eines leitfähigen Ringstiftes
(130-2, 130-4, 130-6, 130-8) eines ersten der diffe-
renziellen Paare von leitfähigen Stiften (130) gene-
rell entlang der zweiten Achse auf das erste Ende
eines leitfähigen Spitzenstiftes (130-1, 130-3, 130-5,
130-7) eines zweiten der differenziellen Paare von
leitfähigen Stiften (130) ausgerichtet ist, und wobei
das zweite Ende eines leitfähigen Ringstiftes (130-2,
130-4, 130-6, 130-8) des zweiten der differenziellen
Paare von leitfähigen Stiften (130) generell entlang
der zweiten Achse auf das zweite Ende eines leitfä-
higen Spitzenstiftes (130-1, 130-3, 130-5, 130-7)
des ersten der differenziellen Paare von leitfähigen
Stiften (130) ausgerichtet ist.

6. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei jeder der leitfähigen Spitzenstifte (130-1,
130-3, 130-5, 130-7) einen Mittelabschnitt (134) und
einen ersten und zweiten Endabschnitt (132, 136)
beinhaltet, wobei die ersten und zweiten En-
dabschnitte (132, 136) der leitfähigen Spitzenstifte
(130-1, 130-3, 130-5, 130-7) in Bezug auf den Mit-
telabschnitt (134) entlang der ersten Achse versetzt
sind.

7. Kommunikationsverbinder (100) gemäß Anspruch
6, wobei für mindestens einige der leitfähigen Spit-
zenstifte (130-1, 130-3, 130-5, 130-7) die Richtung
des Versatzes für sowohl die ersten als auch zweiten
Endabschnitte zu einem angrenzenden leitfähigen
Spitzenstift hin liegt.

8. Kommunikationsverbinder (100) gemäß Anspruch
6, wobei die leitfähigen Ringstifte (130-2, 130-4,
130-6, 130-8) von jedem differenziellen Paar von leit-
fähigen Stiften (130) einen Mittelabschnitt (134) und
einen ersten und zweiten Endabschnitt (132, 136)
beinhalten, wobei die ersten und zweiten En-
dabschnitte (132, 136) der leitfähigen Ringstifte
(130-2, 130-4, 130-6, 130-8) in Bezug auf den Mit-
telabschnitt (134) entlang der ersten Achse versetzt
sind.

23 24 



EP 2 873 118 B1

14

5

10

15

20

25

30

35

40

45

50

55

9. Kommunikationsverbinder (100) gemäß Anspruch
8, wobei sich die Versatze der ersten und zweiten
Endabschnitte der leitfähigen Spitzenstifte (130-1,
130-3, 130-5, 130-7) und der zweiten Endabschnitte
der leitfähigen Ringstifte (130-2, 130-4, 130-6,
130-8) entlang der ersten Achse in einer ersten Rich-
tung erstrecken, während sich die Versatze der ers-
ten Endabschnitte der leitfähigen Ringstifte (130-2,
130-4, 130-6, 130-8) entlang der ersten Achse in ei-
ner zweiten Richtung erstrecken, die der ersten
Richtung entgegengesetzt ist.

10. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei ein erster leitfähiger Stift (130) und ein zwei-
ter leitfähiger Stift (130) eines ersten der differenzi-
ellen Paare von leitfähigen Stiften und ein erster leit-
fähiger Stift (130) und ein zweiter leitfähiger Stift
(130) eines zweiten der differenziellen Paare von
leitfähigen Stiften jeweils einen Mittelabschnitt (134)
aufweist, und wobei das erste und zweite Ende (132,
136) von jedem der ersten und zweiten leitfähigen
Stifte des ersten der differenziellen Paare von leitfä-
higen Stiften und das erste und zweite Ende von
jedem der ersten und zweiten leitfähigen Stifte des
zweiten der differenziellen Paare von leitfähigen Stif-
ten in Bezug auf den Mittelabschnitt (134) des jewei-
ligen leitfähigen Stiftes (130) verschoben sind, so-
dass das erste Ende (132) des zweiten leitfähigen
Stiftes (130) des ersten der differenziellen Paare von
leitfähigen Stiften (130) im Wesentlichen auf das ers-
te Ende des ersten leitfähigen Stiftes (130) des zwei-
ten der differenziellen Paare ausgerichtet ist und das
zweite Ende des ersten leitfähigen Stiftes (130) des
ersten der differenziellen Paare von leitfähigen Stif-
ten im Wesentlichen auf das zweite Ende des zwei-
ten leitfähigen Stiftes (130) des zweiten der differen-
ziellen Paare ausgerichtet ist.

11. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei ein erster leitfähiger Stift (130) von jedem
differenziellen Paar von leitfähigen Stiften (130) ei-
nen Mittelabschnitt (134) beinhaltet, wobei das erste
und zweite Ende des ersten leitfähigen Stiftes (130)
in Bezug auf den Mittelabschnitt (134) entlang einer
ersten Achse versetzt sind, und ein zweiter leitfähi-
gen Stift (130) von jedem differenziellen Paar von
leitfähigen Stiften einen Mittelabschnitt (134) bein-
haltet, wobei das erste und zweite Ende (132, 136)
des zweiten leitfähigen Stiftes (130) in Bezug auf
den Mittelabschnitt (134) entlang der ersten Achse
versetzt sind.

12. Kommunikationsverbinder (100) gemäß Anspruch
1, wobei zweite Enden der leitfähigen Spitzenstifte
(130-1, 130-3, 130-5, 130-7) im Wesentlichen in ei-
ner dritten Reihe ausgerichtet sind und die zweiten
Enden der leitfähigen Ringstifte (130-2, 130-4,
130-6, 130-8) im Wesentlichen in einer vierten Reihe

ausgerichtet sind, wobei die vierte Reihe von der drit-
ten Reihe versetzt ist.

Revendications

1. Un connecteur de communications (100),
comprenant :

un logement (120),
une pluralité de broches conductrices (130) qui
sont montées dans le logement, les broches
conductrices (130) étant agencées sous la for-
me d’une pluralité de paires différentielles
(141-144) de broches conductrices (130) qui
comprennent chacune une broche conductrice
en pointe (130-1, 130-3, 130-5, 130-7) et une
broche conductrice en anneau (130-2, 130-4,
130-6, 130-8),
où chacune des broches conductrices (130) a
sensiblement la même longueur,
où chaque broche conductrice (130) possède
une première extrémité (132) qui est configurée
de façon à être reçue à l’intérieur d’une prise
femelle respective d’un connecteur d’accouple-
ment et une deuxième extrémité (136) qui est
configurée de façon à être reçue à l’intérieur
d’une ouverture plaquée de métal dans une car-
te à circuits imprimés ou est configurée sous la
forme d’un contact serti destiné à un accouple-
ment avec un fil conducteur,
où la broche conductrice en pointe (130-1,
130-3, 130-5, 130-7) de chaque paire différen-
tielle de broches conductrices enjambe sa bro-
che conductrice en anneau associée (130-2,
130-4, 130-6, 130-8) de façon à former une plu-
ralité d’emplacements d’enjambement pointe-
anneau,
où chaque broche conductrice (130) comprend
une broche conductrice sensiblement rigide, et
où des premières extrémités des broches con-
ductrices en pointe (130-1, 130-3, 130-5, 130-7)
sont sensiblement alignées dans une première
rangée qui s’étend le long d’un premier axe et
les premières extrémités des broches conduc-
trices en anneau (130-2, 130-4, 130-6, 130-8)
sont sensiblement alignées dans une deuxième
rangée qui s’étend le long du premier axe, la
deuxième rangée étant décalée de la première
rangée le long d’un deuxième axe qui est normal
au premier axe.

2. Le connecteur de communications (100) selon la Re-
vendication 1, où les premières extrémités d’au
moins certaines des broches conductrices en pointe
(130-1, 130-3, 130-5, 130-7) sont sensiblement ali-
gnées le long du deuxième axe avec les premières
extrémités de broches respectives des broches con-
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ductrices en anneau (130-2, 130-4, 130-6, 130-8).

3. Le connecteur de communications (100) selon la Re-
vendication 1, où la première extrémité de chacune
des broches conductrices (130) s’étend le long d’un
troisième axe normal à la fois aux premier et deuxiè-
me axes et la deuxième extrémité de chacune des
broches conductrices (130) s’étend le long du
deuxième axe.

4. Le connecteur de communications (100) selon la Re-
vendication 1, en combinaison avec le connecteur
d’accouplement, où le logement (120) comprend
une ouverture de prise mâle qui est configurée de
façon à recevoir le connecteur d’accouplement, et
où le connecteur d’accouplement comprend une plu-
ralité de prises femelles.

5. Le connecteur de communications (100) selon la Re-
vendication 1, où la première extrémité d’une broche
conductrice en anneau (130-2, 130-4, 130-6, 130-8)
d’une première paire des paires différentielles de
broches conductrices (130) est généralement ali-
gnée le long du deuxième axe avec la première ex-
trémité d’une broche conductrice en pointe (130-1,
130-3, 130-5, 130-7) d’une deuxième paire des pai-
res différentielles de broches conductrices (130), et
où la deuxième extrémité d’une broche conductrice
en anneau (130-2, 130-4, 130-6, 130-8) de la deuxiè-
me paire des paires différentielles de broches con-
ductrices (130) est généralement alignée le long du
deuxième axe avec la deuxième extrémité d’une bro-
che conductrice en pointe (130-1, 130-3, 130-5,
130-7) de la première paire des paires différentielles
de broches conductrices (130).

6. Le connecteur de communications (100) selon la Re-
vendication 1, où chacune des broches conductrices
en pointe (130-1, 130-3, 130-5, 130-7) comprend
une section médiane (134) et des première et
deuxième sections d’extrémité (132, 136), où les
première et deuxième sections d’extrémité (132,
136) des broches conductrices en pointe (130-1,
130-3, 130-5, 130-7) sont décalées par rapport à la
section médiane (134) le long du premier axe.

7. Le connecteur de communications selon la Reven-
dication 6, où, pour au moins certaines des broches
conductrices en pointe (130-1, 130-3, 130-5, 130-7),
la direction de décalage pour à la fois les première
et deuxième sections d’extrémité est vers une bro-
che conductrice en pointe adjacente.

8. Le connecteur de communications selon la Reven-
dication 6, où les broches conductrices en anneau
(130-2, 130-4, 130-6, 130-8) de chaque paire diffé-
rentielle de broches conductrices (130) compren-
nent une section médiane (134) et des première et

deuxième sections d’extrémité (132, 136), où les
première et deuxième sections d’extrémité (132,
136) des broches conductrices en anneau (130-2,
130-4, 130-6, 130-8) sont décalées par rapport à la
section médiane (134) le long du premier axe.

9. Le connecteur de communications selon la Reven-
dication 8, où les décalages des première et deuxiè-
me sections d’extrémité des broches conductrices
en pointe (130-1, 130-3, 130-5, 130-7) et des deuxiè-
mes sections d’extrémité des broches conductrices
en anneau (130-2, 130-4, 130-6, 130-8) s’étendent
le long du premier axe dans une première direction
tandis que les décalages des premières sections
d’extrémité des broches conductrices en anneau
(130-2, 130-4, 130-6, 130-8) s’étendent le long du
premier axe dans une deuxième direction qui est op-
posée à la première direction.

10. Le connecteur de communications (100) selon la Re-
vendication 1, où une première broche conductrice
(130) et une deuxième broche conductrice (130)
d’une première paire des paires différentielles de
broches conductrices et une première broche con-
ductrice (130) et une deuxième broche conductrice
(130) d’une deuxième paire des paires différentielles
de broches conductrices possèdent chacune une
section médiane (134), et où les première et deuxiè-
me extrémités (132, 136) de chacune des première
et deuxième broches conductrices de la première
paire des paires différentielles de broches conduc-
trices et les première et deuxième extrémités de cha-
cune des première et deuxième broches conductri-
ces de la deuxième paire des paires différentielles
de broches conductrices sont décalées en quincon-
ce par rapport à la section médiane (134) de la bro-
che conductrice respective (130) de sorte que la pre-
mière extrémité (132) de la deuxième broche con-
ductrice (130) de la première paire des paires diffé-
rentielles de broches conductrices (130) est sensi-
blement alignée avec la première extrémité de la pre-
mière broche conductrice (130) de la deuxième paire
des paires différentielles et la deuxième extrémité
de la première broche conductrice (130) de la pre-
mière paire des paires différentielles de broches con-
ductrices est sensiblement alignée avec la deuxième
extrémité de la deuxième broche conductrice (130)
de la deuxième paire des paires différentielles.

11. Le connecteur de communications (100) selon la Re-
vendication 1, où une première broche conductrice
(130) de chaque paire différentielle de broches con-
ductrices (130) comprend une section médiane
(134), où les première et deuxième extrémités de la
première broche conductrice (130) sont décalées
par rapport à la section médiane (134) le long d’un
premier axe, et une deuxième broche conductrice
(130) de chaque paire différentielle de broches con-
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ductrices comprend une section médiane (134), où
les première et deuxième extrémités (132, 136) de
la deuxième broche conductrice (130) sont décalées
par rapport à la section médiane (134) le long du
premier axe.

12. Le connecteur de communications (100) selon la Re-
vendication 1, où les deuxièmes extrémités des bro-
ches conductrices en pointe (130-1, 130-3, 130-5,
130-7) sont sensiblement alignées dans une troisiè-
me rangée et les deuxièmes extrémités des broches
conductrices en anneau (130-2, 130-4, 130-6,
130-8) sont sensiblement alignées dans une qua-
trième rangée, la quatrième rangée étant décalée
par rapport à la troisième rangée.
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